A modified definition of root-mean-square speed of molecules is shown to lead to a modified form of Newton formula for isothermal speed of sound in ideal gas. The calculations based on modified theory and those based on classical adiabatic theory of Laplace are compared with available experimental data for (Air, N 2 , O 2 , Ar, He, CO 2 ). Also, a modified formulation for propagation speed of long waves in canals by Chandrasekhar is presented leading to formula identical to that of Laplace.
Introduction
In recent studies on thermodynamics [3, 4] , it was shown that the inclusion of particle translational, rotational and vibrational motions in two coordinate directions (x , x ), ( , ), (r , r ) 
that is based on particles possessing translational harmonic motion in two coordinate directions (x+, x-). Hence, the classical and modified definitions of thermodynamic temperature and pressure are related as [4] T 2T , p 2p
The factor 2 in Eq. (3) and the relation between most probable and root-mean-square speed from MaxwellBoltzmann speed distribution results in "molecular" speeds in air at 
. Moreover, in a recent study [4] , the propagation speed of light waves was identified as the root-mean-square peed of photon gas in Casimir vacuum. Therefore, comparisons between rootmean-square speed of molecules and the classical theories of Newton and Laplace for propagation speed of sound are further examined in the present study.
Newton and Laplace Theories of Sound Propagation
In the recent study [3] , it was suggested that perhaps the square root of 2 in Eq. (5) (9) clearly show that predictions of Laplace's adiabatic theory are in excellent agreement with the experimental data. The root-mean-square speeds from Eq. (8b) on the other hand are lower than observed speeds of sound in Eq. (9) . Similarly, the predicted speed of sound for air at 273 K with

from Eq. (8a) is 331.5 m/s in excellent agreement with experimental observations 331 m/s. However, the rootmean-mean square speed given in Eq. (5) is close but about 3% larger than the observed value of the speed of sound in air 331 m/s.
The comparisons between predictions of Eq. (7) of Laplace versus Eq. (5) reported in the earlier study [3] contained an error in that the calculated speeds (1018, 322) m/s and (965, 305) m/s respectively from Eqs. (8a) and (8b) were at temperature T 298
 
K whereas the experimental data in Eq. (9) correspond to T 273
K. This fact was overlooked in [3] because experimental observations of speed of sound could be carried out at room temperature rather than the much colder ice-water temperature of 273.15 K. Hence, in prior study [3] it was erroneously assumed that the experimental data (972, 308) m/s correspond to room temperature. This erroneous assumption along with the accidental close correspondence between calculated (965, 305) m/s and observed (972, 308) m/s values as well as the doubts about the accuracy of Eq. (7) by both Chandrasekhar and Brush discussed above resulted in misjudgment in [3] concerning validity of Eq. (7).
In view of the factor of 2 in the definition of temperature in Eq. (3), it may appear that the classical formula of Laplace in (8a) is not compatible with the modified theory [3] . To show that this is not the case the speed of sound is expressed as
where the elasticity coefficient [1] or the bulk modulus is defined as
where v = 1. In view of equation (3), Eq. (11) gives
that by isentropic relation pb
that is identical to equation (7) of Laplace. It is emphasized that Eq. (5) is the modified definition of root-mean-square speed of molecules v rms in ideal gas at thermodynamic equilibrium. Equation (7) of Laplace on the other hand gives the propagation speed of sound waves a in a medium under non-equilibrium thermodynamics assuming adiabatic propagation process. Therefore, v rms is a stochastically-stationary function at a given temperature and is thus only modeled as a periodic function Similar to shock waves, the hydro-thermo-diffusive structure of sound waves involves velocity, density, temperature, and pressure waves [5] . The fundamental differences between the two speeds v rms and a is further revealed by noting that the former will always be present in a gas even in the absence of sound whereas the latter will only occur in the presence of acoustic waves. Therefore, there is no scientific reason to expect the equality of these two speeds ( (5) is equivalent to a modified Newton isothermal theory of sound propagation it is important to further compare the predictions of equations (7) and (5) with available experimental data in the literature as discussed in the following Section.
Comparisons with Experimental Observations
Direct comparisons between the adiabatic theory of Laplace in Eq. (7), the modified Newton isothermal theory in Eq. (5), and experimental data for air [4] , nitrogen [5] , oxygen [6] , argon [7] , helium [8] , and carbon-dioxide [9] are respectively shown in Figures 1-6 .
According to Figures 1-6 , the experimental data for (Air, N2, O2, Ar, He, CO2) are all in closer agreement with Laplace adiabatic theory in Eq. (7) than the modified Newton isothermal theory in Eq. (5). The comparisons in Figures 1-6 show that the measured speed of sound is always close to the root-mean-square speed of molecules in the medium as is intuitively expected. (7) formula with experimental data [6] . (7) formula with experimental data [7] . (7) formula with experimental data [8] . (7) formula with experimental data [9] . (7) formula with experimental data [10] . (7) formula with experimental data [11] .
Unfortunately, the primary source of data in Figures 1-6 from sited References [6] - [11] of National Institute of Standards and Technology, only report the average values of measurements from a selected group of studies rather than all of the data points that have been reported. As a result, no error bounds could be placed in Figures 1-6 [12] correspond to measurements made prior to 1800 and as a result the reported data could not have been influenced by predictions based on Laplace's theory. This point is emphasized here because it is known that theoretical predictions by prominent scientists could influence the judgments of experimentalists concerning selection of "valid" data points in their measurements. The data reported in Finn [12] show a small range of values as is to be expected. The difference between the adiabatic and isothermal theories is most appreciable in case of CO2 as shown in Figure 6 .
Although according to Finn [12] there remained some reservations concerning explanatory nature of the adiabatic theory of Laplace
"Excellent summaries of Laplace's argument, distinguished from antiquated theories of heat, were provided by William Rankine, G. G. Stokes, and John Le Conte. They carefully noted that Laplace's solution was sufficient to explain the speed of sound within probable error, though there was still the possibility that the explanation lay elsewhere"
the papers by Rankine [13] , Stokes [14] , and Le Conte [15] are all in favor of both the physical as well as the mathematical basis of Laplace's theory. Indeed, in his elegant analytical study Stokes concluded that [14] "Accordingly, no doubt whatever exists as to the correctness of Laplace's explanation of the excess of the observed velocity of sound over that calculated by Newton" This is because Stokes [14] proved that the time scales associated with frequency of sound waves are generally much faster than the characteristic times for diffusion of heat making sound propagation an adiabatic process in accordance with the theory of Laplace.
Even though little doubt exists about the correctness of Laplace adiabatic theory of sound propagation as evidenced by close agreements with the experimental data shown in Figures 1-6 , the absence of error bars in the data as well as the data selection and averaging processes require further future investigations. An excellent review of the early works from 1738 to 1884 that also provides some range of measured values of speed of sound in air was given by Le Conte [15] . The comparisons between various experimental studies [15] [16] [17] [18] [19] are further complicated by the fact that the temperatures at which data are collected are different and/or ambiguously defined. For example, the speeds of sound in air from 330.8 to 331.92 m/s have been reported [21] (5) and (7). Most interestingly, from a theory based on atomic constitution of fluids, a constant pre-factor of 3 / 2 to Newton isothermal theory identical to Eq. (5) was found by Potter [22] . Finally, the enhanced nonlinearity in Eq. (7) due to weak temperature dependence of Poisson coefficient  (polytropic index) [20] requires further investigations.
The fact that Laplace's adiabatic formula closely agrees with the experimental data in Figures 1-6 leaves little doubt about its validity in accordance with conventional belief. According to the recent definition of heat [3, 4] d(TS) TdS SdT dH dQ     (14) in propagation of sound both dS and dT cannot be zero. Since entropy of ideal gas was shown to be related to the number of Heisenberg-Kramers virtual oscillators as S = 4kN, in sound propagation process, it is the temperature that undergoes harmonic oscillations along with pressure and density. Entropy that relates to the number of oscillators [3] on the other hand is considered to be constant leading to adiabatic TdS = 0 process. In other words, as originally theorized by Laplace, the amount of time available during the harmonic oscillations is too short to allow appreciable heat transfer such that temperature oscillations occur adiabatically until their eventual relaxation by dissipation.
Derivation of Laplace Equation for Long Waves in Canals
In view of the overwhelming evidence for validity of Laplace's adiabatic theory, it is important to examine the reason for the reservation of Chandrasekhar [1] concerning the accuracy of Laplace's adiabatic theory as reflected in the quotation given after Eq. (6) above. It is suggested that the reason for Chandrasekhar's doubts about accuracy of Laplace's theory could in part be related to his analysis of Newton theory of wave propagation in long canals.
According to Rayleigh [23] " Rayleigh then calculates the speed of sound in air as 279.945 m/s stating that it falls short of the result of direct observation by about sixth part [23] . According to Chandrasekhar, the propagation speed of waves of infinitesimal height (or amplitude) traveling along straight canal with horizontal bed and vertical sides discussed in Proposition XLVI of Newton should be given by [1] p/ gh   (15) where g is gravitational acceleration on earth and h is the height of the canal that is in accordance with speed given in the above quotation from Rayleigh [23] . The result in Eq. (15) was obtained by Chandrasekhar on the basis of the integral of equation of force balance on a fluid element [1] p -p (y y) oo g        (16) assuming constant density. However, rather than direct proportionality of pressure and density in Eq. (16), the expansion and compression of the fluid should be assumed as adiabatic and therefore governed by the isentropic relation of Laplace
that leads to
and hence 1 vp dp p v dv
The force balance on a differential volume of fluid in the presence of gravity leads to the differential equation dp gdy
The pressure differential in Eq. (20) is now considered to occur under constant volume condition dp = dpv such that substitution from Eq. 
The integration of Eq. (21) leads to the modified expression for the speed of long waves in canal
that is in exact agreement with Laplace's formula (7) as opposed the classical result of Newton in equation (15) . According to Finn [12] , Laplace considered his own adiabatic system as a constant-pressure heat process and Newton's isothermal system as a constant-volume process. Such perceptions of Laplace are now further clarified by the results in Eqs. (17) (18) (19) (20) (21) (22) . This is because Laplace's constant pressure process corresponds to isobaric change of volume p dv in Eq. (21), whereas Newton's constant volume process corresponds to isochoric change of pressure dpv in Eq. (19), Although we shall never know for certain, but perhaps the reason Chandrasekhar [1] included the name of Laplace in the quotation after Eq. (6) above were that he obtained Newton formula in Eq. (15) for propagation speed of long waves in canals rather than Laplace's formula in Eq. (22) .
Because of the important analogy between propagation of light waves in ether, Casimir vacuum [3, 4] versus that of sound in air suggested by Huygens [4] , further experimental studies on the connection between root-mean-square speed and speed of sound as a function of temperature will be of both fundamental as well as technological significance.
Conclusions
A modified definition of root-mean-square speed was identified as modified Newton formula for isothermal theory of sound propagation. The predictions of classical adiabatic theory of Laplace and the modified Newton isothermal theory of propagation speed of sound were compared with existing experimental data available in the literature. It was found that adiabatic theory of Laplace is in excellent agreement with experimental data for gases (Air, N 2 , O 2 , Ar, He, CO 2 ). However, the data selection procedures leading to total absence of error bars in the reported experimental data requires further future investigation. The root-mean-square speeds of molecules where found to be close (within 5%  ) to the measured speeds of sound. A modified theory for propagation speed of long waves in canals discussed by Newton and formulated by Chandrasekhar was introduced leading to / gh p    in accordance with adiabatic theory of Laplace.
